On the basis of the results of our surgical treatment of 85 patients with intrahepatic gallstones, effective methods for surgical treatment of this disease were discussed. The operative mortality rate for these patients was 10.6 %. Most of the fatal cases had long duration of symptoms and showed evidence of hepatic fibrosis or biliary cirrhosis at the time of operation. The results emphasize that, in cases of long duration of symptoms, it is generally necessary to examine thoroughly prior to operation the presence or absence of liver parenchymal injury and to pay deliberate attention to minimizing operative intervention. Especially, in hepatic lobectomy, its indication must be scrutinized carefully assessing the condition of the patient. In our follow-up study, 80% of the patients were found living with almost no complaints, 5 patients having occasional bouts of cholangitic attack included 3 patients who had left the hospital having residual gallstones. Including these 3 patients, 7 of 9 patients with residual gallstones showed severe hepatic dysfunction. In general, indications of our operations for different types of patients with intrahepatic gallstones have been evaluated as satisfactory. For the favorable management of intrahepatic gallstones, two points are specially emphasized: thorough scrutinization of liver parenchymal disorder prior to operation, and long-term observation for care of survivors with residual gallstones. intrahepatic gallstones; transduodenal sphincteroplasty; side-to-side choledochojejunostomy; hepatic lobectomy Since 1964, the authors have been emphasizing that there are three approaches for surgical treatment of intrahepatic gallstones and additional procedures to prevent bile stasis and recurrence of calculi (Maki et al. 1964(Maki et al. , 1972. The three approaches include (1) lithotomy by extended exploration of the bile duct up to the hepatic hilus, which is a basic method to be employed initially in all cases of common duct exploration, (2) transhepatic cholangiolithotomy by an incision of the liver parenchyma, and (3) hepatic lobectomy which may be a better definitive procedure in selected cases. The additional procedures we recommend are transduodenal sphincteroplasty and side-to-side choledochojejunostomy.
Since 1964, the authors have been emphasizing that there are three approaches for surgical treatment of intrahepatic gallstones and additional procedures to prevent bile stasis and recurrence of calculi (Maki et al. 1964 (Maki et al. , 1972 . The three approaches include (1) lithotomy by extended exploration of the bile duct up to the hepatic hilus, which is a basic method to be employed initially in all cases of common duct exploration, (2) transhepatic cholangiolithotomy by an incision of the liver parenchyma, and (3) hepatic lobectomy which may be a better definitive procedure in selected cases. The additional procedures we recommend are transduodenal sphincteroplasty and side-to-side choledochojejunostomy.
The present paper is to report the results of our surgical treatment of 85 patients with intrahepatic gallstones experienced at the clinic of the First Department of Surgery, Tohoku University Hospital.
SUBJECTS
The authors have had 85 cases of intrahepatic calculi, which were 7.2% of all the gallstone cases surgically treated in our clinic during. a period between April, 1961, and March, 1976 (Table 1) . Classified by the type of gallstone, there were 79 cases of calcium bilirubinate stone, three cases of cholesterol stone and another three with stones composed of fatty acid-calcium. Of the 85 cases, 54 had already experienced surgical treatments on the biliary system, once in 40 cases, twice in nine, thrice in three and four times or more in two cases.
The authors classified the patients with intrahepatic gallstones into four types according to the presence or absence of the bile duct stenosis and its site (Table 2) . Type I for those free of bile duct stenosis included 34 (40%) of the 85 cases. In other 51 cases with bile duct stenosis (Type ‡U), 20 were grouped in Type ‡U-a with intrahepatic duct stenosis, 11 in Type ‡U-b with upper bile duct stenosis, and 20 in Type ‡U-c with lower bile duct stenosis. Twelve patients had gallstones in the intrahepatic ducts only. The other patients had intrahepatic calculi combined with extrahepatic calculi. The location of gallstones in the intrahepatic duct was in both lobes in 41, in the left lobe in 30 and in the right lobe in the other 14 cases. 
RESULTS

Results of operation
The three methods of operation proving most effective in removing gallstones in the present cases are shown in relation to the types of patients in Table 3 . Side-to-side choledochojejunostomy was carried out in 21 cases with evident residual gallstones. Of the 11 cases of Type ‡U-b with upper bile duct stenosis, seven were subjected to biliary tract reconstruction. All cases of Type ‡U-c with lower bile duct stenosis were subjected to either transduodenal sphincteroplasty or side-to-side choledochojejunostomy.
Direct results. Out of the 85 patients, nine died immediately after operation, showing a mortality rate of 11%. As shown in Table 3 , the operative mortality rate was about 10% of the patients uniformly for each group of type as well as for each method of operation. Table 5 . Of four patients who died with lithotomy by extended exploration of the bile duct, one died of agranulocytosis combined with erythrodermia attributed to medication. Another fatality was in a patient who had been admitted in a state of shock due to acute supprative cholangitis. The other two cases died of purulent peritonitis due to rupture of biliodigestive anastomosis or gastrojejunostomy. Two deaths from transhepatic cholangiolithotomy were due to acute gastric bleeding and rupture of gastrojejun ostomy, respectively. Of three deaths from hepatic lobectomy, one was due to upper gastrointestinal bleeding, and another to biliary tract bleeding. The remaining one died of bile peritonitis due to leakage from choledochotomy.
The relation between the duration of symptoms and the operative mortality in the present cases is presented in Table 6 . The longer duration of symptoms was associated with the higher operative mortality. With a duration of symptom less than one year, two deaths were directly caused respectively by agranulocytosis and by acute supprative cholangitis. Of the nine operative deaths, seven had marked hepatic fibrosis, three of these showing secondary biliary cirrhosis. Hepatic fibrosis was identified in as high as 24%, or 20 of the 85 patients, seven of them terminat ing fatally.
Effects of postoperative bile duct washing. In an effort to consummate surgical treatment of intrahepatic gallstones, the authors have been routinely doing intrahepatic duct washing for the removal of retained calculi with a catheter inserted through the choledochus into the intrahepatic duct. In the case of choledochojejunostomy, a polyethylene tube is inserted via the intestine up to the intrahepatic duct. The washing is done by alternate infusion of normal saline and a 2,000-fold dilution of benzalkonium chloride. Table 7 shows the results of removal of gallstones with lithotomies and those of removal of residual stones by bile duct washing. Confirmation of residual gallstones was based on intraoperative cholangiography. Of 72 out of the 85 patients excluding nine operatively fatal and four palliatively operated, only 32 (44%) were affirmed to have their gallstones almost thoroughly removed with lithotomies; in the other 40 cases (nearly 50%), residual stones were evident. Postoperative bile duct washing proved successful in removing residual stones in 26 of the 40 patients, leaving unsuccessful instances in 14 patients (20%), who finally left the hospital having residual gallstones. In these 40 patients, bile duct washing was made for average 78 days in the successful 26 cases, and 64 days in the unsuccessful 14. Unfavorable bile duct washing was associated predominantly with the gallstones in the anterior inferior duct of the right lobe (in eight of the 14 cases).
Follow-up results. In 62 patients who survived more than one year after operation, follow-up study by questionnaire was made. The results in 61 cases available for study are presented in Table 8 . Follow-up deaths were four, including two each from rupture of esophageal varix attributable to biliary cirrhosis complicated already at tho time of operation, and from acute supprative cholangitis due to ascending infection (in this case, additional sphincteroplasty had been performed). The remaining two cases were fatal with ileus and cancer of the esophagus, respectively. Out of the 61 cases, 49 (80%) were completely reha bilitated without notable complaints. In five others usually attending work with occasional absence, the trouble seemed to be associated with cholangitis. Of three patients still under treatment for hepatic dysfunction, one complained of symptom of biliary infection. Referring to the type of patient, the rate of complete rehabilitation was most favorable at 88% in cases of Type I without bile duct stenosis.
Of 57 survivors, detailed examination could be performed in 45 cases. There were no cases of marked anemia or jaundice, but BSP showing less than 5% dye retention after 30 min was found only in 30% of the cases examined. The level of alkaline phosphatase was normal in 70% of the cases. Most of the 57 cases showed improvement compared to the preoperative levels with the exception of 13 and eight cases showing abnormally higher than preoperative levels in BSP and in alkaline phosphatase, respectively. In eight cases of incomplete rehabilitation or still under treatment at the time of follow-up, abnormal levels were observed of BSP in six and alkaline phosphatase in three cases.
BSP values (30-min value) were abnormally high over 15% in 10 cases at the time of follow-up (Table 9) , five of them having some complaints . Among the 10 cases, hepatic fibrosis was identified in one (Patient 7) from the findings in various examinations, while in three others (Patients 1, 3, 5) , it was confirmed as severe on the basis of liver biopsy. Three cases (Patients 2, 4, 9) with symptoms of biliary infection were those who had left the hospital with incomplete lithotomies . The additional procedures carried out in the 10 cases were bile duct drainage in Patient 
DISCUSSION
The surgical treatment of intrahepatic gallstones consists of (1) lithotomy to remove gallstones as thoroughly as possible, (2) additional procedures to eliminate bile stasis and permit residual stones to flow away into the intestinal canal, and (3) bile duct washing to remove any remaining stones.
As reported previously (Maki et al. 1972) , the basic method of operation for intrahepatic gallstones is lithotomy by extended exploration of the bile duct up to the hepatic hilus. The second route for removal of intrahepatic gallstones is transhepatic cholangiolithotomy. This method is indicated when intrahepatic gallstones are felt on the surface of the liver. In most cases, this method is performed in combination with lithotomy by extended exploration of the bile duct. When stones are localized in a single lobe, extensively filling up the intrahepatic ducts in combination with a marked stricture of the intrahepatic duct, hepatic lobectomy may be the method of choice. Furthermore, according to the extrahepatic bile duct stenosis and residual gallstones, additional procedures are selectively carried out, such as transduodenal sphincteroplasty particularly indicated for cases in which the upper bile duct has no stenosis and the presence of biliary sludge and small residual stones is suggested, and side-to-side choledo chojejunostomy for cases of many residual gallstones or stricture at the lower part of the common duct. Thus, in patient with intrahepatic gallstones, surgical treatments are differently adopted to the methods of operation shown in Table 10 .
In Japan, the operative mortality rate in patients with intrahepatic gallstones ranges 8% to 15%, notably higher than with extrahepatic gallstones. Such high rates, however, were found in the collected cases in the past 10-20 years. In recent cases, the rates range 0-5%. In our patients surgically treated during the past 5 years, only two out of 44 cases were operatively fatal.
We have previously reported that intrahepatic gallstones are often associated with liver cirrhosis which may account for a notably high mortality at operation (Maki et al. 1972) . In the present cases, seven of nine deaths were found complicating hepatic fibrosis or biliary cirrhosis, showing 35% of 20 cases of liver parenchymal injury. In most of the fatal cases, the cause of death was either peritonitis attributable to rupture of anastomosis or bleeding in the biliary tract or in the upper gastrointestinal tract. Lindenauer et al. (1966) reported that instances of bile duct stenosis may be often associated with liver cirrhosis and result in a high mortality rate at operation. In Japan, follow-up studies after operation show that from 70% to 80% of patients with intrahepatic gallstones have been surviving without notable complaints. Some argue that the result does not show a corresponding per centage of cure in patients but may indicate that even those with residual gallstones could remain asymptomatic for a long time if they have a favorable outflow of bile without any secondary infection (Shimura 1972; Sugahara et al. 1973 ). In our follow-up study in 1970 (Maki et al. 1972 ) no cases of ascending infection was found, but there were three with such infection in the present follow-up among 14 patients who had left the hospital with residual gallstones. This tends to tell that the postoperative courses of patients with intrahepatic gallstones should be cared strictly against a risk of cholangitis and other diseases particularly in those with residual gallstones.
Many reports show follow-up results markedly favorable in patients subjected to hepatic lobectomy (Huang 1959; Ong 1962; Braash 1968) . Certainly, hepatic lobectomy is the last promising procedure for the cases with gallstones filling up the intrahepatic bile ducts particularly in the left lobe to such extent as otherwise unremovable, or with marked stenosis in the intrahepatic bile duct . In such a patient, it will not be difficult to resect the lobe when the hepatic lobe is fibrously contracted.
As we have repeatedly emphasized, the indication of additional procedures adequate or not for surgical treatment of intrahepatic gallstones greatly affect follow-up results (Maki et al . 1972) . Transduodenal sphincteroplasty, one of such additional procedures, is indicated for cases of small residual stones or biliary sludge without stenosis in the bile duct . In the present series, four of five patients found in follow-up incompletely returning to work with occasional bouts of cholangitic attack had been subjected to sphincteroplasty , including three who had finally been unable to have their residual gallstones removed . Shore and Berci (1970) reported that sphincteroplasty should be indicated for cases of a small duct (1 -2 cm in diameter) and multiple small stones (under 1 cm in size); on the other hand , choledochoduodenostomy should be performed for cases of a large duct (over 2 cm) and large stones (over 1 cm).
Biliodigestive anastomosis is preferred in cases out of the indication of sphincteroplasty, that is, where bile duct stenosis is evident or residual gallstones relatively large in size are confirmed. But in cases of bile duct stenosis above the tripartite junction, biliary tract reconstruction is the method of choice. Biliodiges tive anastomoses comprise choledochoduodenostomy and side-to-side choledochojej unostomy, separately recommended by different authors. We prefer the latter to the former on the basis that it can avoid regurgitation of duodenal contents with a less risk of ascending infection, further having the advantage of a possible securing of a wide stoma. Although Shore and Berci (1970) and Madden et al. (1970) contend that choledochoduodenostomy can avoid ascending infection if a stoma is instituted to be large enough to match that with sphincteroplasty, the present authors consider it advisable that any additional procedure involving a risk of inducing regurgitation of intestinal contents should be shelved for patients with large residual gallstones.
For patients with gallstones completely removed by lithotomy showing no evidence of stricture at the duodenal papilla, no additional procedure beside bile duct drainage is indicated. Such cases were found in 13 at the time of follow-up, all showing a complete rehabilitation.
Bile duct washing along with a additional procedure is an important method possibly leading to improved follow-up results. In the present cases, the rate of successful removal of gallstones by lithotomy alone was only 44%, but with additional bile duct washing, the figure improved to 80% at the time of discharge.
As an agent for direct dissolution of calcium bilirubinate stone, the predominant type of intrahepatic gallstone, Miyake and Hisatsugu (1962) use sodium hexameta phosphate, a chelating agent, and recently further developing a natural limonene agent (GA-100) for cholesterol stone (Hisatsugu 1972) . For this purpose, the present authors have been using benzalkonium chloride diluted 1,000-to 2,000-fold, relying on the effects of this agent preventing against biliary infection and its surface activity helping the dissolution of calcium bilirubinate gallstones. It should be borne in mind, however, that there are not a small number of cases of gallstones adamantly resistant against any dissolvent, suggesting that the use of bile duct washing at the present stage may solely be of value in letting residual gallstones flow out into the digestive tract. This links with the argument that additional procedures are differently indicated according to the size of gallstones and the extent of their spread in the bile duct. In any event, development of any convincingly powerful dissolvent is highly desired, because it would beyond ques tion contribute to a striding advance in surgical treatment of intrahepatic gallstones.
